The Fourth National Nutrition Survey of the Food and Nutrition Research Institute conducted in 1993 showed an increasing prevalence of micronutrient-related diseases in various age groups. Hence, the daily diet consumed by the average Filipino was examined for its nutrient content.
Introduction
New evidence from nutritional studies demonstrates the important role of micronutrients in the prevention of various diseases. Hence the inflow of new information relating to dietary characteristics from different population groups in developing countries are continu-ously being published. One of these is the Philippines where malnutrition exists among inhabitants of the different islands.
While considerable progress has been made by local authorities in addressing the problem by the use of food supplements, baseline information on the dietary composition and daily micronutrient intake is inadequate.
In the Philippines, the Food and Nutrition Research Institute (FNRI) is responsible for monitoring the nutritional status of the population. A nationwide nutrition survey has been conducted every five years since 1978. The daily food consumption (mean one day per capita intake) has been decreasing since the first survey [1] . Subsequent increases in the incidence of micronutrient-related diseases, such as anemia and goiter, are included in the surveys. Likewise the magnitude and extent of underweight and stunted growth among children in different age groups have increased with population growth.
This work hopes to contribute information needed to address the malnutrition problem. The data may be useful in redefining strategies and national nutrition policies. It may serve as a basis for assessing dietary requirements.
Background Food basket of the Filipino
The food basket of the average Filipino adult is normally a combination of rice, fish, vegetables, chicken and fruit (table 1). The average consumption of cereals, mostly rice and its products, is 340 g representing 42.3% of the total food intake; fish is approximately 99 g (12.3% of the total food consumed); and vegetables is 106 g representing 13.2% of the total amount. The quantity of chicken consumed per day is 48 g and that of fruit is 83 g. Meat and poultry share 5.9% of the total 18.2% for fish, meat, and poultry.
The rest of the food basket contains dried beans, nuts, and seeds (10 g); starchy roots and tubers (17 g); sugar (19 g), and beverages, condiments and other miscellaneous food add 20 g to the total weight of approximately 804 g. Milk and its products are rarely consumed by the average Filipino, only 56 g. The consumption of fats and oils amounts to 12 g [1] .
Estimation of daily micronutrient intake of Filipinos
The urban population consumes twice as much meat, poultry, milk, and milk products as those in rural areas.
Factors relating to food consumption

Geographic differences
The Philippines is composed of 7,150 islands with a population of 75.2 million distributed in three main groups namely Luzon (42.52 million), Visayas (15.14 million), and Mindanao (17.66 million). These islands are located in the southeastern part of Asia and are divided into 79 provinces located in 16 regions including the National Capital Region [2] .
Those who reside in Regions 1 and 2 in the northern part of the Philippines consume the most rice, 344 g per capita per day. Visayas (Regions 6 to 8), which is centrally located and Mindanao (Regions 10 to 12) located in the southern part, are corn eating regions [1] . The National Capital Region consume the least amount of rice, 252 g per capita per day.
All regions of the central and southern parts of the country consume an average of 100 g per day of fish and its products which is more than that consumed by those living in the northern part. In addition to fish, the inhabitants of the northern regions consume some meat, poultry, eggs, milk, and vitamin-rich foods and beverages.
Household size and economic status
The average Filipino household consists of six members. However, the consumption amounts reported here are taken from households of seven or more. The mean one-day per capita food consumption decreases with an increase in the household size, i.e., cereals and its products reduce from 452 g for a household of 1 to 2 people to 319 g for a household of 9 and above [1] . Therefore large households are nutritionally at risk.
The occupational groups, such as professionals, overseas contract workers, administrators, executives, managers and entrepreneurs, have more diverse and better diets than those who earn less. The disadvantaged households, such as fishermen, farmers, janitors, carpenters, blue collar workers, and the unemployed, have a limited choice and provision for other types of food.
There is a wide gap in consumption between the lowest and highest per capita income groups. The lowest per capita income group normally has a large household and they buy cheap food like corn, green and yellow vegetables, and starchy roots and tubers. Other factors that affect food consumption are meal patterns, culture, religion, food supply, and other dietary practices, i.e., use of leftovers.
Materials and methods
Sampling
Samples of a one-day diet consumed by an average Filipino adult were prepared from commonly eaten foods as documented by the FNRI [3] . The total diet (test meals) from the nine regions consisted of breakfast, lunch, dinner, and one snack. The selection was based on the low cost, availability of food items, and the ease of preparation. This included food eaten raw, processed foods, and beverages. The meals were cooked from edible portions of the raw market sampling using the regional recipes prepared by FNRI.
The other type of sampling is the purchase of regional cooked meals (duplicate diet) in the quantity and selection recommended by FNRI. The total freezedried sample weight ranged from 131 to 401 g.
Sample preparation
Each meal was weighed, homogenized, and freezedried. The dried samples were pulverized to achieve a powdery texture, mixed thoroughly, and stored at -20°. Approximately 0.9 g of the powdered samples was put into a pressure vessel (similar to Teflon), weighed, and placed in a vacuum oven for one to one and a half hours. After cooling, the sample was checked for moisture content.
Analysis
Digestion was performed using a stepwise microwave digestion system. First, approximately 5 ml of nitric acid was added to 0.9 g aliquots of the freeze-dried samples and digested in pressure vessels. The samples were further digested with the addition of nitric acid plus perchloric acid, and finally treated with nitric acid plus hydrofluoric acid. All acids used were of 'TamaPure' grade (Tokyo, Japan). After cooling for one hour, the solutions were transferred into other Teflon beakers. Two ml of nitric acid (68%) was added to the samples and the resultant solutions were dried on a ceramic-top hotplate at 100 to 120°C. White precipitates were obtained at this stage which were dissolved with nitric acid and refluxed in Teflon beakers covered with Teflon watch glasses. After cooling, the solutions were quantitatively transferred to 25 ml volumetric flasks and purified water was added to the mark and mixed thoroughly.
Each sample was analyzed for phosphorous (at the wavelength of 213.6 nm), calcium (317.9 nm), magnesium (285.2 nm), manganese (257.6 nm), zinc (206.2 nm), copper (224.7 nm), sodium (588.9 nm), and potassium (766.4 nm) using inductively coupled plasma atomic emission spectrometry (ICP-AES) [4] .
Iodine was determined by using Schnetger and Muramatsu's method of sample combustion and recovery of iodine in an absorbing solution [5] . Finally each sample was analyzed using inductively coupled plasma mass spectrometry (ICP-MS).
One blank and one reference material were run using the same procedures with each batch of samples. Standard reference materials (SRM) used were: SRM 1566a oyster tissue, SRM 1548a typical diet, SRM 1575 pine needles and NIES/NIRS (National Institute of Enviromental Studies, Ibaraki, Japane and National Institute of Radiological Science. Chiba. Japan) typical Japanese diet. Both samples and SRMs were run in duplicates.
Results and discussion
Assessment of the concentration and the nutrient intake values
The concentration and the corresponding intake values for phosphorous, manganese, magnesium, iron, calcium, copper, sodium, potassium, zinc, and iodine based on the regional meals analyzed are given in table 2. Regional variation (large standard deviations) in the concentration and intake values of nutrients were observed in the duplicate and total diet samples due to the seasonal availability of ingredients and the wide selection of seasoning and condiments applied in the preparation of test meals. The sampling period was conducted for a period of two years with a sample size of 19 "one day diets" representing 13 regions including the National Capital Region.
Contributing factors such as those listed enhanced the divergence of values obtained. The same obser-vations were documented in the previous research conducted in 1992 in the National Capital Region (NCR) [6] .
Based on the above observations, it is safe to present the data as typical intake values. Hence, values may be presented either by mean (table 1) or by minimum, maximum, and median values ( fig. 1 ).
Observed intake versus recommended dietary allowance
Segments of the population in the Philippines vary in their daily nutrient intake because the habitual food consumed varies from one region to another. Hence establishing the safe range of nutrient intake for the Filipino may be simple, while establishing a nutrient requirement to prevent detectable signs of impaired function may be complicated. However, both may require baseline data for the average dietary nutrient intake.
Phosphorous and calcium
The average phosphorus intake of Filipinos, estimated to be 976 mg per day, comes mostly from green leafy vegetables, shrimps, seaweed, rice, corn, banana, beans, eggs, and fish, while the calcium intake is approximately 450 mg per day [7] . Therefore the calcium:phosphorus ratio is 0.46.
In this study the calcium:phosphorus ratio is 0.45 computed from mean intake values of 251 mg for calcium and 564 mg for phosphorus (table 2). Earlier local data showed intake values of 460 mg and 284 mg for phosphorus and calcium, respectively (table 3) [6] .
Manganese and magnesium
The estimated intake for manganese is 1.65 mg and for magnesium it is 123 mg [6] . A slight increase in the value for magnesium was observed in this study while (table 3 ). The sources of these two nutrients in the Filipino diet are cereals, leafy vegetables, and nuts. To date there is no information correlating these nutrients to the existing problem of stunted growth and underweight among Filipino children.
Sodium and potassium
Sodium regulates the volume of extracellular fluids and maintains acid-base balance. The common use of salt (NaCl) provides an adequate intake of 6 g or less per day as suggested by the Food and Nutrition Committee [7] . Sodium deficiency rarely occurs because, in addition to salt, fish sauce or shrimp sauce is often added to foods during cooking. Most of the sodium loss from the body is attributed to sweat especially in tropical climates, hence the sodium requirement may increase during the hot season. A wide variation in individual values was obtained for sodium since sampling was performed during both cold and hot months of the year.
Potassium is the main cation in tissue and blood cells. Like sodium it plays a major role in the regulation of the acid-base balance [7] . The major food sources of potassium are bananas, vegetables, and other local fruits.
One calculation of the sodium and potassium content in the average one day per capita daily food consumption gave estimated values of 4,600 and 1,300 mg, respectively, with a sodium:potassium ratio of 3.5. However, the mean sodium and potassium contents of institutional diets reported in 1953 gave a ratio of 1.5.
The sodium:potassium ratio in this study is calculated to be 1.2 with sodium and potassium contents of 4,012 mg and 3,367 mg, respectively. In 1992 the ratio was computed to be 2.1 (table 3) [6, 7] . The decreasing values observed may not reflect the real picture for there are signs of increasing intake of sodium in the diet because of the excessive use of fish sauce and shrimp sauce [1].
An increasing incidence of hypertension due to excessive salt intake was reported in the Fourth Nationwide Nutrition Survey [1]. Processed foods, such as eggs, fruits, and vegetables preserved with salt, also contribute to the increased sodium intake.
Iron
Rice contributes 29% of the iron in the diet; followed by fish (19.6%), and dark green vegetables, such as malunggay, ampaliya, and mungbeans (7.6%). The rest comes from fruits, such as banana, lemon (calamansi), and meat and poultry (4.3%) [7] . A typical breakfast of rice, mungbeans, and banana is estimated to provide 2.6 mg of iron. Reported values for iron, for 39 regional meals, range from 7.33 to 21.33 mg with a mean of 12.96 mg [7] .
This study reports a mean intake of 8.35 mg of iron while in 1992 it was 5.8 mg (table 2) , which coincides with the problem of iron-deficiency anemia present in 37.2% of the Filipinos in 1993 [6] . It is expected that with this increase in iron intake that the next nationwide survey will report a corresponding decrease in the incidence of iron-deficiency anemia, especially in infants and lactating mothers. 
Iodine
The iodine content of the Filipino diet was reported to be approximately 65 µg [7] , however, in this study, the mean concentration in the diet is 0.38 µg (table 2) , which is significantly smaller than the previous study. Despite the fact that fish and seafood were included in most of the test meals prepared and sampled in some regions, the decreased values obtained maybe due to a loss of iodine in the cooking process. The meals tested included mostly fried fish where 20% of the iodine is lost and boiled fish where 58% of the iodine is destroyed [7] . However, three test meals from the southern region had high iodine values ranging from 0.3 mg to 0.5 mg because the test meals contained raw fish and seafood. Endemic goiter is prevalent in the Philippines. Thirty-six (36) out of 100 Filipino children have moderate to severe iodine-deficiency disorders and those in the south (Mindanao) face the highest risk of iodinedeficiency disorders [1].
Copper
Seafoods, organ meats, legumes, and nuts are dietary sources of copper. The adult dietary intake of copper ranged from 1 to 1.5 mg per day [7] . Drinking water maybe one source of copper, coming from the pipes.
A nutritional copper deficiency has not been established in the Philippines. The symptoms may include neutropenia, hypo-pigmentation of skin and hair, osteoporosis, and vascular abnormalities [7] . The mean dietary intake for copper in this study was 1.19 mg, while in 1992 it was 0.82 mg per day (table 3) .
Zinc
Meat, eggs, and oysters are good sources of zinc. The average Filipino diet is estimated to contain 11 mg. Clinical deficiency symptoms include growth retardation, poor appetite, and mental lethargy. In the Philippines zinc intake is inadequate in pregnant and lactating mothers [7] . In the 1992 and 2000 studies, the zinc intakes reported were 5.02 mg and 5.16 mg, respectively (table 3) .
Conclusions and recommendations
In this study the estimates of daily intakes by an average Filipino for micronutrients, i.e., manganese, iron, copper, zinc, and iodine, and for macronutrients, i.e., phosphorus, magnesium, calcium, sodium, and potassium were generally larger than those reported for the national capital region in 1992, that lacked iodine data.
However, the average Filipino diet may not meet the estimated recommended dietary allowances for iron, zinc, iodine, calcium, and phosphorous (table3). Although this is not conclusive due to the small population covered by this work, the aforementioned statement maybe substantiated by reported incidence of micronutrient-related diseases.
There is a need to expand the study to complete the information on the micronutrient composition of the Filipino diet. Further, seasonal sampling of the daily diet must be included, covering all 16 regions, different age groups, and both sexes. The Filipino diet is diverse and is dependent on geographical location, culture, and religion as well as on economic status.
The results of this study strongly indicate that studies on iodine, iron, zinc, phosphorous, and calcium may be needed in order to address the existing micronutrient-related diseases.
